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(54) RAMAN AMPLIFIER AND OPTICAL COMMUNICATION SYSTEM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the variation of 
gains in a Raman amplifier and an optical communication 
system using it and also to reduce the fluctuation of gains 
for every optical fiber being a gain medium. 
SOLUTION: This amplifier is a Raman amplifier performing 
the Raman amplification of an incident signal light and is 
provided with optical fibers being gain media of the Raman 
amplification, an exciting light source exciting the optical 
fibers, an exciting light from the light source, a multiplexer 
multiplexing the signal light, a gain detecting means 
detecting the Raman gain of the amplifier and a control 
circuit electrically driving the exciting light source based on 
the detected gain value obtained in the detecting means 
and the amplifier keeps the Raman gain to be constant 
when the total value of the power of the incident signal 
light and the kind and length of the optical fiber are 
changed. 
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[nt*9i] Akim^yt<D7 5 9 

lltlEJafi3lt«t*«*«»-*"'5*JWlHll8*:IMib. ATlfi 

[«*5 2] tt^UwIE*©^^ ^ 
T, HtitE?iJ^tU#©* s > ifrKft^r^rom-f-ftATJ 
<MXUfffi^fl!lfwK:BUfcft#3feS:^iS-r5^«i:> h5 

7-*>%m&&tii-rz r. t fc^ssct-r 59^ 

t, SulEfUtt^iti^a^ i!uiaft7 7^<^mJK®ig3t 20 
A^flSI-i&fi LfcHufE3t7 r '^a>A2lSijg3te&£tiJ 

e^^ffi-To^2og3t^^ ; fr^> HfiiEftij^iaK 

fulE^lS.U ! ^2cc>§:3t#S-C^tilLfcA^Stie3t 
[flf*54] 1**91 

<&S##»«:*U HtllESJ^lHlK* 5 . ftuKgft^f&tr-lt 

hmie^-^ >mmznm-r a r. t *mmk-tz> 9 

So 

ft fcS BlB*i:JS!3Srlft («T« 

ESS**, fitIfES5t^S-C-^ffibfctulE«^li*Ii^»SL 

[fi*96] »*9 1 £E*0> 9^ vJfi|>I^(c:*3v> 
IBSiiS% («T. A^BbSgfttffc-TS) Sr^tti-rsmi 



Mussas, ^HEmis^2S^©T*^mufcgMiE^ 

(c^S^*i-S7°o-7*7t3Ii:. H5IB7*n— 7*5tjR*»b 
W7 p D-7*^,^{f ^i-^K-rs-g-KSf i:. HfFlE3t7r 
-f Lfc7*n -7*3t£<f4§-}fc t 

k. ffllE^Lfc7°D-7*3t*^3t-t-5S5t¥©Sr* 

-7*3t^-?»7-<Dm^ft^-^e 3 , ftfifE7^vw#^»m-r 

[1**98] g8#«lUlfE#CD7-^iitISf*C*S^ 

#-T'57 p i3-7*3taii: > BfllE7 p n-7*^d^ro7 ,, n- 
^*Ufc7°n-7*3trom^^-y-tfeSL^ («T, 

iufeis 2 wg:3t#a-c*Mai LfcitrEm* ^- y -s§l/ 
tori I:1»lit55^vtili 

[|f*59] SJ*«1 icEtt<D7-^^it'l'II§{C*3V^ 

m^v—y-tfca^t («t> m^^-v-mam^t 

fim^t±Kt^-3t^S3ti-^M2roS7t#©**L, «tre 
ffifflslK^, miEglSU ? g2cD§7t^t?^aiLfcM 

[BMlO] |g*3S4*fc»4 5(cEffiro7-v>-ititS 
SSlcjsl^T, «rlElW*l«**:H:«36riftI©*i«&*S«a* 

[IS*9ll] 19*51 0CEiO7W*i»fc* 
[W*512] t»*93, 6, 8, 9ffl^fW'lS 
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2 ©S3t#aro*«tfflr*Sr, DtrfE^lblinSojB 2 jK— 

i: "f -5 7 ^ ^iftMSIo 
[8fjJ?*l3l B*Sl7iIl2©pV>J!i:<i:t>v> 
•fix** 1 *te1E*t09^:'*«»&#*fcfta«i'*7- 

a w t &&mk-t 53ta«->^yA. 

[38Wtf>l**ffl/.i:tft9§] 
[0 0 0 1 J 

a««-n-f stwffcSo 

[0 0 0 2] 

1 :M.Nissov et al . . Proc. ECOC. Post Deadline Pap 20 
er. pp. 9-12, September. 1997, ##:£iSfc2 : H.Masuda 
et al.. Electron. Lett. . Vol. 34. No. 24. pp. 2339-2 
340. 1998) „ fc«U fiJ»««7xy'<M«fcK:1Il> 

fcft^i&W^B&L-CfcS,, Ell 9 (a) (c) 

giffc-fS) , HI 9 (b) ^fifHffl^^^it** 

El 9lc*3V>T, 1A, lBtt*:tl ; ett&i£7 7'f'< 

{%&&7 7 -< ■><) , 2»iSbjg3tflS, 3«t-fr«»»- 4tt 30 
7?>7 7 ^^ 6H*|»— 3e««WI«fffl3t*MHi» S 
R«ft#3t-C&5. 1219 (a) T'te, 55"* 5 ^ ^*U# 
O^g77^^5riotJo0« — 12119 

(c) -cit, ^y^^mmtmn-^mm'pm^tm 
m& (*±asai7 7^^^) 5 tGhS^x 

l~ig@-f 5fiiiJPSa s ;ib5<DT\ ei77^^1A«sg<, 

LfciSo-c, es^r^tA*****^*^!** hi 
9 ( c ) ©«j*a**rsre*>3. hi 9 (a) xvai 9 
( c ) ©MI5^ >-itras§-t?i*, eat^x^i a& 40 

Tgg77'f/<lAlc*AU ESjg£fro-CV5. - 

HI 9 (b) w*f^7-v>*ifMS-cii, y-^^y 
r ■< >< 4 t nfliix-5 P % W3t 7 r '< Sr^MMSEW t 

^^4l:|AL, afi*ffo-rv>5„ HI 9 (a) , 

(b) . (c) v^ncom-^idt, Sig^as 2 across 

ig3t^^7-|*-^lc^fcixr H 2 0 12, 



[0 0 0 3] 

[3g^a>8mL,fc5<fc-f spS] mrlEx^>*iJ#l*ftJ# 

KB77'f^ (6177-f^l A*fell7^>7 7/r '< 
4) — <OA73Sbig^!7-^#^ISif7C#V*. 
tt*A*« ^3t^!7-d5fe5aS^±rofiUc/iS t, 5 

7t/^-li, ^S#»aft^xA{ii3{t5ffiSSia 
7fcxx^'<»r, Tfcxx^'^^a^i&ftif^ 

[0 0 0 4] A*Sb®7t><!7— 7-7>fi| 

m^^mnm«77^^< mm7 7-<'<i a 

2 1 (7^>"fiJ#(7)«bo#^!l=|r^-fH) <O0<H-*L?t 

vSo rix»2, ^*^Aa2gtmffia»kro<5ixi:&iJ, 
-> * x a b £ t. e> -f „ 

[0 0 0 5] ffl3fi©J:5t£,'tt#««©?VviB«»li: 

fc^Ttt:, ^A73m-§-7t^-«r7-7jS^i!j hit t £ <C*tj# 

»^4i:5 0 my.^mmmm.y 7 4 mm? 

7J'<1 A*fclt7V>77^^4) rt{^J#co»i6. 
[0 0 0 6] *^B^<0@«)(2, ^-T^iftlSSVbtt-eiX 

Wti, 9v^tg*I^i*fcl2-?rttS:ffl^fc*a«v'^7 i A 

tcis^T, mnm^77-(y< mm7 7^^\A-^tnt 

«WlIC±otH P>*>»c-f 5. 
[0 0 0 7] 

[Hi^&ft¥&-r3fc#>cD^fJ:] *ffi»c*3V^BB*$ix5 
^^cTJptp^^^-browmil^fffi^IftB^-fixWt, ^ 

[0 0 0 8] (1) Alt{f-^7t<^7-7^*ISrtTP7^ 
f , UMEaie3t««r«»B»i-*»J»ia»«:JMib, A 



10009] (2) utrfE^a (1) <D7T>mm&iz& 

lWi2#ii£3§-t-#il£ L fcif ^-3t^ 7 - thT 5 gft^a 
[0 0 10] (3) l!ulE#a (l) W7-^>'Jii|'S^lc*3 

afi7t&&m^5fg2tf>g:3t^a£*U tufEfMtUSg 
[0 0 11] (4) HUfS^S (1) 

SSjtfgSrtL, mjfE*J^[H]^*s. Sfr|ES3t#©-C^ 
[0 0 12] (5) MU^& (1) C07^>JS*I§§ti*5 

-*-.5S3te#afc*U MEttMmiIIft*. Miasms-? 

[0 0 13] (6) MlE^a (1) 
SS?EiaS3t («T> A^SbSgftt^-T-S) Sr&tti-fSSI 

3t©**^-y-»a« (£IT, «#w-y-*a#* 

<5o 

[0 0 14] (7) HulE^a (1) ©^^^mfflSlw* 

*ic«*fir#-r*^o— yjtwt* iwnaro— ^jtjB*» 
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[0 0 15] (8) hu!53M£ (1) 

EfiHWftm^aa*, we? 

T»£Lfc^B u-y-fca* (WT> fft 
10 ^u-y-tta^'n-T'ft 

3t&g7ti-5?& 2 ©s^a^u m&f&mmmK 
meat i ajt^a-ctfttu LfcttiEA^iaiejt^y-t . 

SSfEfl 2 £7fc#&T-&ffi L/cStrSEm* y -*a:/n 
[0 0 16] (9) MI2#a (1) <07^^tII§»-*3 

v^r. wi2#ij»^m#aa^ miiEA^iaeTt^gTti-?) 

BFU»«!iai(t»*«rg3ti-5j(!2<OS*#a*r*U, m 
GMtPEHSft*, t5IE^l&^2cog7t#aT-^ttJL-fc 
S(llE*iJ#^ttim-§-.*^' ? 7 - ro®^tfi b , SUIE 7 -v >- 

[0 0 17] (1 0) ttllE^a (4) *fcli (5) 

S 3t 7 w ^ * -T 5 1 ©t -5 c 
[0 0 18] (1 1) milE#a (1 0) <D7-<r>mm& 

[00 19] (1 2) HfJfE^a (3) , (6), 
(8) , (9) rovW>lo©7^ ^ig*SS(C*3V^ 
T, M1B*J»lEltt^, ^fbittlSi:. S^Affl73K^!6S 
40 **»T?fc5«JHllttSr#b, ffilEjB 1 cDgit^aom 
««#Sr«IIE*lliai6S:iILfca, MneSObiM«««>J|| 
l*-hSA*U HulE^2WS:3t#arom^ft-§-«r, 

[0 0 2 0] (1 3) BftlE^a (1) »M (1 2) <D5 

b^>^< t t^fw> i o<D 7 -?>'iiifiis^<ix.fc5ta 

so [0 0.2 1 ] Hilt #ISWIw£39^ViiraS&0&;*: 
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«Wt*r*-*-B-C*>«K El (a) 14, ^*M7^>-ti*a 
»«>«IS»J«Sr*-r«*BI» Hi (b) 14, M<P^ty^ 
^*i«8©«*«***-*"«*BI"^*>*. HI (a) , 
(b) 1A, l BI4 J Erix-ene3l7r'f '< 

(*7r-f^) . 2ttBfift*, 3I4£&S§, 4I47^ 
>-7T'<^,-6(4flJ#^ai#S, 7J4»Jffl)|H]K, 10 0 
^^Sy^^ti*!^ 2 0 014**3* 5 -^igtES, 
SRI4{f#3t-CfoS. 

[0 0 2 2] fi»7r-f'< (3t7T-C^) lA£/8<^fc 
^S^-^^iiffiSSi 0 0t?l4, gc^Lfcte&^T'l'^ 10 

M7^^*HSS§2 0 0-CJ4, ^-^V^T'f'^tT'it 
ftlcigilil&tT^fcft, eS7 7^^roiI§Cft#t5 

[0 0 2 3] SE;fcro7^>^S8iittM-5£:, #1193 
It 4 5 5 ^*B«»-ei4, 7 ^*«»«>#U»*tH*Sk 
6SU ? H)^ai2W»J^l[H]Sg7/!iS!gf/ c ^^g$ttrv^ ■ 

EffitPIBM 7 14, *©tftttflHJ»ffiK*-3S, fct±S*lJ#ffi 
JtKfc -5. 4 5 ftSftSitaSSr 7 w — F>< -> ^ MW-t 

[0 0 2 4] HI 2 14, i:<t57v Vif *MS#<£>f lj# 

g&?p#tt#i£^L--cv^„ m&yt'<y—<o±m&.i> i 6 o 

-C'#5„ «SJxl4, «*a«-ctt, ®b^3t^t7-* s 4 0 0 
mW©t t, 9-^^U#l4^-a-A^m^-'^-/4S- 2 
0 d Bm£igx.5ii)&J>Ut&«>5;d 5 , #389! "CMu 7-^ 
^J#(4^A7J«-§"?t^7-^^- 5 dBmlt-S 

[0 0 2 5] H3I4, *«MtfflV^|imi«7 7^^ 

ffiT^£>;ft,;fc7^>^J#co»4lbo# (132 1) 14, H3 
[0 0 2 6] £JLhfft9!Lfc4 5fc:, *^W(c:4ni4, ft 

4) »cfe#LfcfiJ#^l4P>o#^^:i:5^«?*$H so 



5, 

[0 0 2 7] y.T, #$gWco^-C, HE£#!$ L.T* 

fc<DI4W-«F*S:f*tt, *r<£>lft9jgLroift 
l«l4«BS--r5c 
[0 0 2 8] WTJt, *^BJtt4 l~16Sr* 

-f-„ ^ia^j 1 ~ 1 4 »4, it^tWim%<om^mm 

^Jl~7^m*M7-^>-J«illl§^>4i-&, HJSfiaj8~l4 
ffisxr*) «>»ft"C*>*. #JU6#JI4, £itftj#&tti 

ti$i3?famig<om&) itgauT, susgu 5, i6t* 

fc*TU 5 -7 VftiaroffiSftJ&gEM (#%:£IK3 :F.Fo 
rghieri et aL.Proc. OFC, FC6. pp. 294-295, 1994, 

mm ©i^«>?>, ^*r6]SbjS<o^sa*fRiiitifi4 9— 

&tmmco~ btfWz- : bo JlJ£#J 1 ~ 1 4 14, id 

jg3tasa s ii£*tf>u— f-*Sr*-f-2)«-&t?*>9, mmmm 

1 5&tfl 6 14, jaie*8!l*sa6** s »'5eS2ffl (2ffiW 
[0 0 2 9] 

imw<Dmtiz<Dr*m mummx) @4 (a) , 

(b) , H5 (a) , (b) , H6, H17 (a) , 

(b) i4, *&wiz£z>mffi.Mmi rottf?^ >mm 

&<OW&mf&*^r%&M-?&> 9 , H4 (a) I4«#3t 

^•?y-^ffiMro*i£0>j, iii 4 (b) ttiae*^!?— *a 
mnmrnm. hs (a) i4m*Hi«e»*sa.*^!7— » 

tiJS<7?36SS0iJ, H5 (b) i»«aL*/<I7 — 

^mM<O^Jg0ijT-fc5o H)4SO : lll5lC*3V>T, 1A, 
1 B I4^tt^«^-3t*eaii-sejtl7 r ■< 
ts(-><) 2l4ag3taS, 3l4{f-f§-ft£-£8rr5-£-Sg5§, 
3M(4{t^-3t^^fc U< l4^jgi-5^iSI§^!^S§, 
4U5-?i'77'fA 6 14*lj#1ttb#©:, 7l4M»ia 
Eg, 8, 8 A, 8Btt«*«*#tti-3#««» 8FI4 
m^«r7>)K-r-5^&S§, 9l4S3t^ (S3tS) , 9 
AI4gSl<£>g3t#Ja (S3tSi) , 9 B tt9S 2 (DS3t#© 
(S3t») , 1 0{4i^— *a u— 1 U47 p a-7'3t 
SL 2 0 014**^7 SR*4{f-§-3t, ER 
I4fib^3t, NR(4it*Ii^«!ca3t, P R»47 p a -7"3t, 

[0030] (itifeM.i ) *nmzm 1 ©nis^j 1 oft 

ttUffl^**®^:'*!****, H4 (a) 

II*tJ: 5»t, *lJ#j^«7 7'C^^HUIB7-7^7T'f ^< 
4C0^-g-C-fc5 (»T, ^J£0iJ2*^ 7*-CWt<75tl^ 
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g7t^J£9«S7fem^&£D§7t3§i, £.gja&u-c. m 

#S:Sfc4 : H.Suzuki et al . . Phton. Technol .Lett. . V 
ol.lO. pp. 734-736. 1998, „ 
[00 3 1] H(lfE#g:3t^T*®^f^-i:^ofdf-§-)t 
s<? — l^/MS, %\'M^\&7 Z^XZfrb 

*ntb<Ditti>tb»ai£ti?>o muMffl\si& 7 it. %<dw. 
nj7^ >mm^m >-*ij#t.i«? u < * 5 <t 9 1- . 

[0032] *ni£0iji Q'&tbtizv-r^mnm 

T, mfaM2 7!>>tb 7 ^ffll-XhmZXibZ) „ fcfc'U 

0 2&tfl2l3l£*L.;fcflJ*#{i, ^iS^JW^+M^^^ii 

[oo33] (ms0ij 2 ) *m&wm 1 cosmstfd 2 com 
fm^-r^tgQ&i&i*. 14 (b) (c^-r«t9i-> 

fiJ#<£>&tiS£, |usE7-v>'7r-r^4l'?reM-r'5Ebe 
7tER5:fflV^T=fTorv^. SStES!)S3tER^:, 30 
7r^^4C0HtI-C% TIEW^^U-lf^ffiffi^^^* 
L, 7W7r-i'^4©ft- > MS8FS:fflv^ 

T#8iU •e^^Sfcl^iKLfcjaiiETtERiSr-tiX^ 
iirog)tfg9A, 9BT*§3tU 7-7>-77^^4» 
Mm^iltlSTt^^-^^ffi-t-So 7vy77^^4--© 

A^®ig7fc^?-£g7t-r5S:7t#K£m 1 ^S3t^ 
9A, 7^V7T'T^4*^Ui^lS(ie3t^!7-^S3fe-r 
2>S7t¥SSr^2(Dg:7t#©9Bi:-t-^ <> fclfc'U H14 

(b) «, W)&ftM2i>mm±mm**m#\'— 

9, ^W¥^u-1froBuffiffi*^cof5!)g3tER<lr7t7 40 
7^t°^-;M£Jg^LTtefflEJe3tERi: U 
®*^W^Fi£ffi^S!)e7tER^7* h^^- Yt£lf<0 

*i©s*#a9A-cie»g3t-*-«i:fc % ofc, «^*sfa 

T-Y^4WFfltcSie7tER<D^iSS^iSSbT, BuiEfS 

1 <oS3t#S9 Aid^c^rtiV'. 

[0034] m^Atiim-yt^v— tfi&itvizt f©7 

Sia^»Ili)je3t^!7— SC«ori:CAoT7- ! i'V so 



10 

H5t>W<0, mrlE7^^7r'<^4'--OA^Stie7t^!7 
fcffijE*. WISE- 4 (b) W*«fig-Clttti L-ftAJimm 

[0035] (sibey 3 ) *mmmm 1 osaMa 3 <d* 

cfJSI^^^iitilStt, HI 5 (a) (d^-ripl-, 
fiJ»0>tftHJ«:, ttfE7^^7T^^4tfT-^-f-5igB 

$nfcg^t!cSL7t («t> mvxm.m&mm%Lft*iRb 
is»*(pj) ©t>©*s*>s^ *.nnwz\±* m^facomm 

g^maTtNR (WT> lSU-C**i««i*S«f:a*BN 
Rir^-f-5) £ffi^-C<^5<, huIE7^^7t^^4^^ 

1 0fcJB^T{B«fte^{t*#fc#*U §:7t#J& 9 tCig 

[0 0 3 6] »-ftA*fll a*8CflSLfc4: t<^7 

comm a mim.%;< . t <? ^mn<o mm &m sk 

ffl El 2 0 {c^ £ ftfcSbffrgSH) T-^fc>ofci 

M^bO-fHIiS-* 0 . 1 d BT'fc-So UfcAS'oT, hH 

[00 3 7] HI 9 *^JS0U 3 5 ( a ) ©S:3t# 

5„ #Hi£0iJ 3 -ef*, if)^iiii>ia^i!ca?tFNRic^ft 
#mm^-7twm^rs]<^ v -fcsot l r lt v > 

5SfiS/TSiitl^ t Hll 01*, *r<£>*gALfc&;frft 
o^-y-«!ca«-8-7tS:^*L, Hti*«*ia^i!ca7tF 
N R £jgiS-r S3t7 ^ Srffllx.fcS3t#© 9 ©1?|fiJc£ 
*LTVN5 0 H110 (a) &T m&l&ifcf- 1 2 =£r 2 
Offll^d^fig, ElO (b) 4Sf-*aU-^10i7 

r^y — <o— 1 4Srfflv>fc«fiK T Cfc5 0 1211 
[0 0 3 8] $SW3m fttl^ri© 
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SrHtBLTV^o mUfflffl\z\&7tes ^<D%\^y^^\ 

[0039] (mmm4) *mmKmi<ommm4<o$k 
tpm?-?^^^ us (b) (c^-r±9^x ttjie^ 
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CLAIMS 

[Claim(s)] 

[Claim 1] The optical fiber which is the Raman amplifier which performs Raman 
magnification of incidence signal light, and is the gain medium of the Raman 
magnification, The excitation light source which excites said optical fiber, and the 
excitation light from said excitation light source, The multiplexing machine which 
multiplexs said signal light, and a gain detection means to detect the Raman gain of 
said Raman amplifier, Raman amplifier characterized by keeping said Raman gain 
constant when the control circuit which carries out the electric drive of said 
excitation light source is provided based on the detection gain value acquired with 
said gain detection means and the comprehensive value of input signal light power, 
and the class and die length of said optical fiber change. 

[Claim 2] The Raman amplifier with which it has a light-receiving means detect the 
signal light power which branched by the turnout to which said gain detection 
means branches the signal light installed in the signal light input side and output 
side of said optical fiber in the Raman amplifier according to claim 1, and said 
turnout, and said control circuit is characterized by to compute said Raman gain 
from the electrical signal of the input signal light power detected with said 
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light-receiving means, and output signal light power. 

[Claim 3] 1st light-receiving means by which said gain detection means detects the 
input excitation light of said optical FAIBAHE installed in said excitation light 
input side of said optical fiber in the Raman amplifier according to claim 1, It has 
the 2nd light-receiving means which detects the splitter and output excitation light 
which separate spectrally said excitation light installed in said excitation optical 
output side of said optical fiber. Raman amplifier with which said control circuit is 
characterized by computing said Raman gain from the electrical signal of the input 
excitation light power detected with said 1st and 2nd light-receiving means, and 
output excitation light power. 

[Claim 4] The inside of the natural scattered light by which said gain detection 
means was amplified by generating in said optical fiber in the Raman amplifier 
according to claim 1, The splitter which separates excitation light and the 
component light (the front magnification natural scattered light is called hereafter) 
spread in this direction with signal light, Raman amplifier with which it has a 
light-receiving means to detect said front magnification scattered light, and said 
control circuit is characterized by computing said Raman gain from the electrical 
signal of said front magnification natural scattered-light power detected with said 
light-receiving means. 

[Claim 5] The inside of the natural scattered light by which said gain detection 
means was amplified by generating in said optical fiber in the Raman amplifier 
according to claim 1, The splitter which separates excitation light and the 
component light (the back magnification natural scattered light is called hereafter) 
spread to hard flow (the back is called hereafter) with signal light, Raman amplifier 
with which it has a light-receiving means to detect said back magnification 
scattered light, and said control circuit is characterized by computing said Raman 
gain from the electrical signal of said back magnification natural scattered-light 
power detected with said light-receiving means. 

[Claim 6] The 1st light-receiving means which detects said excitation light (input 
excitation light is called hereafter) which said gain detection means inputs into said 
optical fiber in the Raman amplifier according to claim 1, The splitter which is 
generated in said optical fiber and separates the back Rayleigh-scattering light 
(back Rayleigh-scattering light is called hereafter) of said excitation light with 
signal light, Raman amplifier with which it has the 2nd light-receiving means 
which detects said back Rayleigh-scattering excitation light, and said control circuit 
is characterized by computing said Raman gain from the electrical signal of said 
back Rayleigh-scattering excitation light power detected with said 1st and 2nd 
light-receiving means, and input excitation light power. 
[Claim 7] The probe light source to which said gain detection means has 
wavelength in the gain wavelength region of said Raman magnification in the 
Raman amplifier according to claim 1, The multiplexing machine which multiplexs 
the probe light from said probe light source with signal light, and the splitter which 
separates spectrally the probe light which passed said optical fiber with signal light, 
Raman amplifier with which it has a light-receiving means to receive said probe 
light separated spectrally, and said control circuit is characterized by computing 
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said Raman gain from the electrical signal of said probe light power detected with 
said light-receiving means. 

[Claim 8] The 1st light-receiving means which receives said input excitation light 
in the Raman amplifier according to claim 1, The probe light source to which said 
gain detection means has wavelength in the gain wavelength region of said Raman 
magnification, The multiplexing machine which multiplexs the probe light from 
said probe light source with signal light, and the splitter which separates spectrally 
the back Rayleigh-scattering light (back Rayleigh-scattering probe light is called 
hereafter) of the probe light which occurred in said optical fiber with signal light, 
Said input excitation light power which has the 2nd light-receiving means which 
receives said back Rayleigh-scattering probe light separated spectrally, and said 
control circuit detected with said 1st light-receiving means, Raman amplifier 
characterized by computing said Raman gain from the electrical signal of said back 
Rayleigh-scattering probe light power detected with said 2nd light-receiving 
means. 

[Claim 9] 1st light-receiving means by which said gain detection means receives 
said input excitation light in the Raman amplifier according to claim 1, Said input 
signal light which spreads forward the back Rayleigh-scattering light (back 
Rayleigh-scattering signal light is called hereafter) of the signal light generated in 
said optical fiber, and the circulator to separate, The wavelength selection mold 
splitter which separates said gain detecting- signal light from said back 
Rayleigh-scattering light, Raman amplifier with which it has the 2nd 
light-receiving means which receives said gain detecting-signal light, and said 
control circuit is characterized by computing said Raman gain from the electrical 
signal of said gain detecting-signal light power detected with said 1st and 2nd 
light-receiving means. 

[Claim 10] Raman amplifier with which a light-receiving means to detect the 
magnification natural scattered light of said front or the back is characterized by 
having the optical filter which bundles up the signal light of the many wavelength 
mixed in said magnification natural scattered light, and is removed by the low 
insertion loss in the Raman amplifier according to claim 4 or 5. 
[Claim 11] The array waveguide grid which said optical filter connected to two 
steps in the Raman amplifier according to claim 10, or Raman amplifier 
characterized by being a circulator and the Fabry-Perot filter. 

[Claim 12] In the Raman amplifier given in any 1 term of claims 3, 6, 8, and 9 Said 
control circuit has the differential amplifier and the arithmetic circuit where electric 
input/output relation is nonlinear. Raman amplifier characterized by inputting the 
electrical signal of said 1st light-receiving means into the 1st port of said 
differential amplifier after letting said arithmetic circuit pass, inputting the 
electrical signal of said 2nd light-receiving means into the 2nd port of said 
differential amplifier, and computing said Raman gain with a sufficient precision. 
[Claim 13] The optical transmission system which is an optical transmission system 
which equipped any 1 term with the Raman amplifier of a publication at least claim 
1 thru/or among 12, is the optical transmission fiber which said optical fiber laid in 
the city, and is characterized by amplifying said signal light in distribution in said 
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optical transmission fiber. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is applied to the optic fiber communication 
system which used the Raman amplifier and it, and relates to an effective 
technique. 
[0002] 

[Description of the Prior Art] The outline configuration of the conventional Raman 
amplifier used by the optic fiber communication system is shown in drawing 1 
(bibliography l:MNissov et al., Proc.ECOC, Post Deadline Paper, pp.9- 12, 
September, 1997, and bibliography 2:H.Masuda et al., Electron.Lett., Vol.34, No.24, 
pp.2339-2340, 1998). However, obvious optical components installed before and 
after the gain medium fiber, such as an optical isolator used if needed, are omitted. 
Drawing 19 (a) and (c) are [ distribution magnification mold Raman amplifier 
(hereafter, it omits and distribution pattern Raman amplifier is called) and drawing 
19 (b) ] intensive magnification mold Raman amplifier (hereafter, it omits and 
concentration mold Raman amplifier is called). For the excitation light source and 

3. in drawing 19 , a multiplexing machine and 4 are [ 1A and IB / a transmission 
fiber (optical transmission fiber) and 2 / a gain fixed control concentration mold 
optical amplifier and SR of Raman Feiba and 5 ] signal light, respectively. At 
drawing 19 (a), transmission fiber loss is compensated only with distribution 
Raman gain, and, on the other hand, transmission fiber loss is compensated with 
drawing 19 (c) with distribution Raman gain and the gain fixed control 
concentration mold optical amplifiers (rare earth addition fiber etc.) 5. Since 
distribution Raman gain has the limit resulting from multiplex Rayleigh scattering, 
when [ long therefore ] transmission fiber loss is large, the configuration of 
drawing 19 (c) has effective transmission fiber 1A. In the distribution pattern 
Raman amplifier of drawing 19 (a) and drawing 19 (c), transmission fiber 1A is 
used as a gain medium, and it is exciting by introducing the excitation light from 
the excitation light source into transmission fiber 1 A using the multiplexing 
machine 3. On the other hand, in the concentration mold Raman amplifier of 
drawing 19 (b), the optical fiber of a high numerical aperture called Raman Feiba 4 
is used as a gain medium, and it is exciting by introducing the excitation light from 
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the excitation light source into Raman Feiba 4 using a multiplexing machine, 
drawing 19 (a), (b), and (c) - in any case, the excitation light power from the 
excitation light source 2 was kept constant. Drawing 20 shows the example of a 
type of the saturation characteristics (comprehensive input signal light power 
dependency of the Raman gain) of the Raman gain in the Raman amplifier of the 
conventional technique. 
[0003] 

[Problem(s) to be Solved by the Invention] Said Raman gain is so large that the 
input excitation light power to a gain medium fiber (transmission fiber 1 A or 
Raman Feiba 4) is large. Moreover, if comprehensive input signal light power 
becomes the above value to some extent, it will see, a fall, i.e., the saturation, of the 
Raman gain. Comprehensive input signal light power is changed according to 
factors, such as wavelength relocation in a 

wave-length-multiple-telecommunication system, ************, and optical fiber 
span loss fluctuation. Therefore, with the gain saturation characteristics of drawing 
20 , the Raman gain is changed and system degradation of the increment in a digital 
error rate etc. is brought about. 

[0004] When input excitation light power is fixed, it mainly depends for the Raman 
gain on the parameter of the gain medium fiber (transmission fiber 1 A or Raman 
Feiba 4) to be used. Although the parameter is the effective core diameter of an 
optical fiber, germanium addition concentration, optical fiber length, etc., they have 
dispersion which generally cannot be disregarded. Therefore, as shown in the 
example of drawing 21 (drawing showing the example of dispersion of the Raman 
gain), the Raman gain varies for every optical fiber to be used. This serves as **** 
from a system optimum design value, and brings about system degradation. 
[0005] As mentioned above, in the Raman amplifier of the conventional technique, 
when comprehensive input signal light power is changed, gain fluctuation arises. 
Moreover, every [ to be used ] gain medium fiber (transmission fiber 1A or Raman 
Feiba 4) had the problem that dispersion in gain arose. 

[0006] In the optical transmission system which used the Raman amplifier or it, the 
purpose of this invention is to offer the technique which can reduce fluctuation of 
gain, when comprehensive input signal light power is changed. Other purposes of 
this invention are in the optical transmission system which used the Raman 
amplifier or it to offer the technique which can reduce dispersion in the gain of 
every gain medium fiber (transmission fiber 1 A or Raman Feiba 4). As new along 
[ said ] this invention a description as the other purposes is clarified by description 
and the accompanying drawing of this specification. 
[0007] 

[Means for Solving the Problem] It will be as follows if the outline of a typical 
thing is briefly explained among invention indicated in this application. 
[0008] (1) The optical fiber which is the Raman amplifier which performs Raman 
magnification of incidence signal light, and is the gain medium of the Raman 
magnification, The excitation light source which excites said optical fiber, and the 
excitation light from said excitation light source, The multiplexing machine which 
multiplexs said signal light, and a gain detection means to detect the Raman gain of 
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said Raman amplifier, When the control circuit which carries out the electric drive 
of said excitation light source is provided based on the detection gain value 
acquired with said gain detection means and the comprehensive value of input 
signal light power, and the class and die length of said optical fiber change, said 
Raman gain is kept constant. 

[0009] (2) In the Raman amplifier of said means (1), it has a light-receiving means 
to detect the signal light power which branched by the turnout to which said gain 
detection means branches the signal light installed in the signal light input side and 
output side of said optical fiber, and said turnout, and said control circuit computes 
said Raman gain from the electrical signal of the input signal light power detected 
with said light-receiving means, and output signal light power 
[0010] (3) 1st light-receiving means by which said gain detection means detects the 
input excitation light of said optical FAIBAHE installed in said excitation light 
input side of said optical fiber in the Raman amplifier of said means (1), It has the 
2nd light-receiving means which detects the splitter and output excitation light 
which separate spectrally said excitation light installed in said excitation optical 
output side of said optical fiber. Said control circuit computes said Raman gain 
from the electrical signal of the input excitation light power detected with said 1st 
and 2nd light-receiving means, and output excitation light power. 
[0011] In the Raman amplifier of said means (1) (4) Said gain detection means The 
splitter which separates the component light (the front magnification natural 
scattered light is called hereafter) spread in the excitation **** direction among the 
natural scattered lights amplified by generating in said optical fiber with signal 
light, It has a light-receiving means to detect said front magnification scattered 
light, and said control circuit computes said Raman gain from the electrical signal 
of said front magnification natural scattered-light power detected with said 
light-receiving means. 

[0012] In the Raman amplifier of said means (1) (5) Said gain detection means The 
splitter which separates excitation light and the component light (the back 
magnification natural scattered light is called hereafter) spread to hard flow with 
signal light among the natural scattered lights amplified by generating in said 
optical fiber, It has a light-receiving means to detect said back magnification 
scattered light, and said control circuit computes said Raman gain from the 
electrical signal of said back magnification natural scattered-light power detected 
with said light-receiving means. 

[0013] (6) The 1st light-receiving means which detects said excitation light (input 
excitation light is called hereafter) which said gain detection means inputs into said 
optical fiber in the Raman amplifier of said means (1), The splitter which is 
generated in said optical fiber and separates the back Rayleigh-scattering light 
(back Rayleigh-scattering light is called hereafter) of said excitation light with 
signal light, It has the 2nd light-receiving means which detects said back 
Rayleigh-scattering excitation light, and said control circuit computes said Raman 
gain from the electrical signal of said back Rayleigh-scattering excitation light 
power detected with said 1st and 2nd light-receiving means, and input excitation 
light power. 
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[0014] (7) The probe light source to which said gain detection means has 
wavelength in the gain wavelength region of said Raman magnification in the 
Raman amplifier of said means (1), The multiplexing machine which multiplexs 
the probe light from said probe light source with signal light, and the splitter which 
separates spectrally the probe light which passed said optical fiber with signal light, 
It has a light-receiving means to receive said probe light separated spectrally, and 
said control circuit computes said Raman gain from the electrical signal of said 
probe light power detected with said light-receiving means. 

[0015] (8) The 1st light-receiving means which receives said input excitation light 
in the Raman amplifier of said means (1), The probe light source to which said gain 
detection means has wavelength in the gain wavelength region of said Raman 
magnification, The multiplexing machine which multiplexs the probe light from 
said probe light source with signal light, and the splitter which separates spectrally 
the back Rayleigh-scattering light (back Ray leigh- scattering probe light is called 
hereafter) of the probe light which occurred in said optical fiber with signal light, 
Said input excitation light power which has the 2nd light-receiving means which 
receives said back Rayleigh-scattering probe light separated spectrally, and said 
control circuit detected with said 1st light-receiving means, Raman amplifier 
characterized by computing said Raman gain from the electrical signal of said back 
Rayleigh-scattering probe light power detected with said 2nd light-receiving 
means. 

[0016] (9) 1st light-receiving means by which said gain detection means receives 
said input excitation light in the Raman amplifier of said means (1), Said input 
signal light which spreads forward the back Rayleigh-scattering light (back 
Rayleigh-scattering signal light is called hereafter) of the signal light generated in 
said optical fiber, and the circulator to separate, The wavelength selection mold 
splitter which separates said gain detecting-signal light from said back 
Rayleigh-scattering light, It has the 2nd light-receiving means which receives said 
gain detecting-signal light, and said control circuit computes said Raman gain from 
the electrical signal of said gain detecting-signal light power detected with said 1st 
arid 2nd light-receiving means. 

[0017] (10) In said means (4) or the Raman amplifier of (5), it has the optical filter 
which a light-receiving means to detect the magnification natural scattered light of 
said front or the back bundles up the signal light of the many wavelength mixed in 
said magnification natural scattered light, and removes by the low insertion loss. 
[00 1 8] ( 1 1 ) In the Raman amplifier of said means ( 1 0), they are the array 
waveguide grid which said optical filter connected to two steps, or a circulator and 
the Fabry Perot filter. 

[0019] (12) In any one Raman amplifier of said means (3), (6), (8), and the (9) Said 
control circuit has the differential amplifier and the arithmetic circuit where electric 
input/output relation is nonlinear. The electrical signal of said 1st light-receiving 
means is inputted into the 1st port of said differential amplifier after letting said 
arithmetic circuit pass, the electrical signal of said 2nd light-receiving means is 
inputted into the 2nd port of said differential amplifier, and said Raman gain is 
computed with a sufficient precision. 
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[0020] (13) It is the optical transmission system equipped with any one Raman 
amplifier at least said means (1) thru/or among (12), and it is the transmission fiber 
which said optical fiber laid in the city, and is the optical transmission system 
which amplifies said signal light in distribution in said transmission fiber. 
[0021] Drawing 1 is drawing showing the basic configuration of the Raman 
amplifier by this invention, and the mimetic diagram in which drawing 1 (a) shows 
the outline configuration of distribution pattern Raman amplifier, and drawing 1 (b) 
are the mimetic diagrams showing the outline configuration of concentration mold 
Raman amplifier, drawing 1 (a) and (b) -- setting -- 1 A and IB -- respectively - a 
transmission fiber (optical fiber) and 2 - the excitation light source and 3 - for a 
gain detection means and 7, a control circuit and 100 are [ a multiplexing machine 
and 4 / Raman Feiba and 6 / concentration mold Raman amplifier and SR of 
distribution pattern Raman amplifier and 200 ] signal light. 

[0022] With the distribution pattern Raman amplifier 100 using transmission fiber 
(optical fiber) 1 A, in order to amplify in distribution in laid transmission fiber 1 A, 
compared with the concentration mold, it excels in the noise property. On the other 
hand, in the concentration mold Raman amplifier 200 using Raman Feiba 4, in 
order to amplify intensively in Raman Feiba 4, there is an advantage of operating 
without being dependent on the class of transmission fiber etc. 
[0023] As compared with the conventional Raman amplifier, it differs with the 
Raman amplifier by this invention in that the control circuit 7 of the gain detection 
means 6 of the Raman amplifier and the excitation light source 2 is newly installed. 
Said gain detection means 6 detects the gain of the Raman amplifier by the 
concrete configuration of the example mentioned later, and based on the detection 
gain value, said control circuit 7 carries out feedback control of the excitation light 
source so that a detection gain value may become fixed. Since the one where 
excitation light power is larger is large, if the Raman gain has a detection gain 
value smaller than an expected setting gain value, it will increase excitation light 
power, and if a detection gain value is larger than an expected setting gain value, it 
will reduce excitation light power. 

[0024] Drawing 2 shows the example of gain saturation characteristics of the 
Raman amplifier by this invention. It is the case where the upper limit of excitation 
light power is 600m W. If fixed like [ in case excitation light power is the 
conventional technique ] when comprehensive input signal light power increases 
based on the aforementioned factor, the Raman gain will decrease, but in this 
invention, since reduction of the Raman gain is detected and excitation light power 
is increased, the Raman gain can be maintained at constant value. For example, 
although the Raman gain will begin to decrease with the conventional technique if 
comprehensive input signal light power exceeds -20dBm when excitation light 
power is 400mW, for the Raman gain, comprehensive input signal light power is 
[ about ] at this invention. -It is fixed to 5dBm. 

[0025] Drawing 3 shows the example of dispersion in the Raman gain of every 
[ which is used by this invention ] gain medium fiber (transmission fiber 1 A or 
Raman Feiba 4). In this invention, since the gain detection means detected the 
Raman gain for every gain medium fiber to be used and excitation light power is 
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determined, dispersion in the Raman gain seen with the conventional technique 
( drawing 21 ) is reduced within the precision of gain detection, as shown in 
drawing 3 . 

[0026] As explained above, when the comprehensive input signal light power 
which was a problem is changed in the conventional technique, according to this 
invention, the point which gain fluctuation produces, and the point which 
dispersion in the gain depending on the gain medium fiber (transmission fiber 1 A 
or Raman Feiba 4) to be used produces are solved, 

[0027] Hereafter, this invention is explained to a detail with the gestalt (example) 
of operation with reference to a drawing. In addition, in the complete diagram for 
explaining an operation gestalt (example), what has the same function attaches the 
same sign, and explanation of the repeat is omitted. 

[0028] Below, the examples 1-16 by this invention are shown. Examples 1-14 show 
the case where the propagation direction of signal light and excitation light is 
reverse (when it is back excitation). When examples 1-7 are concentration mold 
Raman amplifier, examples 8-14 are the cases of distribution pattern Raman 
amplifier (optical transmission system using distribution pattern Raman 
magnification). As for each example, gain detection means mainly differ. About the 
case where the propagation direction of signal light and excitation light is the same, 
examples 15 and 16 show and it is realized that it is the same as that of the case of 
back excitation (when it is front excitation). However, the back excitation from a 
viewpoint of the mutual gain modulation (bibliography 3 :F.Forghieri et al., 
Proc.OFC, FC6, pp.294-295, 1994, reference) of the Raman gain is more common 
than front excitation. Moreover, in the bidirectional excitation which used back 
excitation and front excitation for coincidence, it can say clearly that it is the same 
as that of the case of said back excitation. Moreover, examples 1-14 are the cases 
where the excitation light source has one wave of laser, and the operation gestalten 
15 and 16 are the cases where the excitation light source has two laser (example in 
the case of being the two or more arbitration numbers) with which wavelength 
differs. 
[0029] 

[Embodiment of the Invention] (Operation gestalt 1) Drawing 4 (a), (b), drawing 5 
(a), (b), drawing 6 , drawing 7 (a), and (b) It is the mimetic diagram showing the 
outline configuration of the concentration mold Raman amplifier of the operation 
gestalt 1 by this invention. For drawing 4 (a), the example of a signal light power 
detection mold and drawing 4 (b) are [ the example of a front magnification natural 
scattered-light power detection mold and drawing 5 (b) of the example of an 
excitation light power detection mold and drawing 5 (a) ] the examples of a back 
magnification natural scattered-light power detection mold. The transmission fiber 
with which 1 A and IB transmit signal light in drawing 4 and drawing 5 , 
respectively, The multiplexing machine with which 2 multiplexs the excitation light 
source and 3 multiplexs signal light, a multiplexing machine-cum-the splitter with 
which 3M multiplex or separate signal light spectrally, (Optical fiber) The turnout 
to which in Raman Feiba and 6 a gain detection means and 7 branch a control 
circuit, and 8, 8A, and 8B branch [ 4 ] signal light, A light-receiving means (electric 
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eye) and 9A the splitter with which 8F separate signal light spectrally, and 9 The 
1st light-receiving means (electric eye), 9B - the 2nd light-receiving means 
(electric eye) and 10 - a circulator and 11 - for signal light and ER, excitation 
light and NR are [ the probe light source and 200 / a concentration mold Raman 
amplifier and SR / probe light and LR of the magnification natural scattered light 
and PR ] Rayleigh-scattering light. 

[0030] (Example 1) The concentration mold Raman amplifier of the signal light 
power detection mold of the example 1 of this operation gestalt 1 is the case where 
a gain medium fiber is said Raman Feiba 4, as shown in drawing 4 (a) (the same is 
said of the thing to the following and examples 2-7). However, obvious optical 
components, such as an optical isolator used before and behind a gain medium fiber 
if needed, are omitted like the case of the conventional technique. Detection of the 
Raman gain is performed using the signal light SR which spreads the inside of 
Raman Feiba 4. It branches in a part or all of said signal light SR, i.e., some the 
wavelength or the full wave length of wavelength multiple-signal light, before and 
behind said Raman Feiba 4, respectively, the branched signal light SR is received 
with each light-receiving means 9, and the signal light power before and behind 
said Raman Feiba 4 is detected. Said light-receiving means 9 has the electric eye of 
photoelectricity conversion, and the optical filter which takes out only desired 
signal light wave length if needed (bibliography 4:H.Suzuki et al., 
Phton.Technol.Lett., Vo 1.10, pp.734-736, 1998, reference). 
[0031] The signal light power level which became an electrical signal with said 
each light-receiving means is transmitted to a control circuit 7, these two signal 
light power level is compared there, and the Raman gain is computed from those 
ratios. Said control circuit 7 changes excitation light power so that the calculation 
Raman gain may become equal to the expected Raman gain. Said excitation light 
sources are semiconductor laser, solid state laser, etc., and, generally a current drive 
is carried out. Therefore, said excitation light power changes with said drive 
currents. 

[0032] The saturation characteristics and dispersion of the Raman gain which are 
acquired by this example 1 are the same as that of drawing 2 and drawing 3 (it is 
the same also about the following and examples 2-7). However, the gain shown in 
drawing 2 and drawing 3 is the external gain of the concentration mold Raman 
amplifier of an example. 

[0033] (Example 2) The concentration mold Raman amplifier of the example 2 of 
this operation gestalt 1 is performing detection of the Raman gain using the 
excitation light ER which spreads the inside of said Raman Feiba 4, as shown in 
drawing 4 (b). Said excitation light ER is separated spectrally after Raman Feiba 4 
using splitter 8F by branching from the following semiconductor laser back end 
side in front of Raman Feiba 4, the excitation light ER branched or separated 
spectrally is received with each light-receiving means 9A and 9B, and the 
excitation light power before and behind Raman Feiba 4 is detected. A 
light-receiving means to receive output excitation light power for a light-receiving 
means to receive the input excitation light power to Raman Feiba 4, from 1st 
light-receiving means 9A and Raman Feiba 4 is set to 2nd light-receiving means 9B. 
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However, it is the example easy [ a configuration ] and economical of the excitation 
light source 2 being practically important semiconductor laser, and drawing 4 (b) 
combining the excitation light ER from the front end side of the semiconductor 
laser with an optical fiber pigtail, considering as the use excitation light ER, and 
receiving the excitation light [****/ from a back end side / un-] ER directly by 1st 
light-receiving means 9 A, such as a photodiode. Of course, the splitter of the 
excitation light ER may be installed between the excitation light source ER and 
Raman Feiba 4, and you may lead to said 1st light-receiving means 9A. 
[0034] The variation of the Raman gain when comprehensive input signal light 
power changes has the excitation light power after penetrating said Raman Feiba 4, 
and a high correlation. Therefore, the Raman gain can be kept constant by keeping 
constant the excitation light power after said transparency. However, although the 
variation of said Raman gain is mainly determined by the excitation light power 
after said transparency, since it is dependent also on the input excitation light power 
to said Raman Feiba 4 a little, it gives the amendment according to the input 
excitation light power to a control circuit 7 according to the input excitation light 
power detected with this configuration of said drawing 4 (b). From the above thing, 
the Raman gain is computed by this example 2 in the control circuit 7 based on the 
excitation light power before and behind Raman Feiba 4. Said control circuit 7 
changes excitation light power so that the calculation Raman gain may become 
equal to the expected Raman gain. 

[0035] (Example 3) The concentration mold Raman amplifier of the example 3 of 
this operation gestalt 1 is performing detection of the Raman gain using the 
amplified natural scattered light (hereafter, it omits and the magnification natural 
scattered light NR is called) which is generated in said Raman Feiba 4, as shown in 
drawing 5 (a). Although the magnification natural scattered light NR has the thing 
of front (the excitation light ER and this direction) and the back (the excitation light 
ER and hard flow), the magnification natural scattered light NR (hereafter, it omits 
and the back magnification natural scattered light BNR is called) of the back is 
used for the example 4 as which this example 3 describes the magnification natural 
scattered light NR (it omits and the front magnification natural scattered light FNR 
is called hereafter) of front below. The front magnification natural scattered light 
FNR which carried out outgoing radiation was separated from said Raman Feiba 4 
with signal light by low loss using the circulator 10, it led to the light-receiving 
means 9, and the magnification natural scattered-light power of front is detected. 
[0036] The Raman gain when comprehensive input signal light power changes has 
the magnification natural scattered-light power of front, and a high correlation. The 
relation between magnification natural scattered-light power (magnification natural 
scattered-light power of front and the back) and the Raman gain was shown in 
drawing 8 . When comprehensive input signal light power and excitation light 
power change in the large range (for example, operating range shown in drawing 
20 ), the relation between magnification natural scattered-light power and the 
Raman gain is given with a sufficient precision with a certain fixed curve. 
Specifically, the gap from said curve is at most 0.1 dB. therefore, holding the . 
Raman gain uniformly in a high precision cuts by holding the magnification natural 
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scattered-light power of front uniformly. 

[0037] Drawing 9 shows the spectrum of the light which carries out incidence to 
the ligjht-receiving means 9 of drawing 5 (a) of this example 3. A thin line is related 
with this example 3 and the example 4 which a thick wire mentions later. Signs that 
the Ray leigh- scattering light LR of the back of wavelength multiple-signal light is 
mixed in the front magnification natural scattered light FNR are shown by this 
example 3. Drawing 10 removes the Rayleigh-scattering signal light of the mixed 
back, and shows the configuration of the light-receiving means 9 equipped with the 
optical filter which penetrates the front magnification natural scattered light FNR. 
Drawing 10 (a) is a configuration using two array waveguide grids 12, and the 
configuration using a circulator 10 and the Fabry-Perot filter 14 of drawing 10 (b). 
In drawing 14 , 13 is a photodiode. 

[0038] From the above thing, the Raman gain is computed by this example 3 in the 
control circuit based on front magnification natural scattered-light power. Said 
control circuit 7 changes excitation light power so that the calculation Raman gain 
may become equal to the expected Raman gain. 

[0039] (Example 4) Although the concentration mold Raman amplifier of the 
example 4 of this operation gestalt 1 is similar with said example 3 as shown in 
drawing 5 (b), it is performing detection of the Raman gain in this example 4 using 
the back magnification natural scattered light BNR. That is, the back magnification 
natural scattered light BNR which carried out outgoing radiation from said Raman 
Feiba 4 was led to the light-receiving means 9 using the turnout 8, and back 
magnification natural scattered-light power is detected. The Raman gain when 
comprehensive input signal light power changes is the same as that of said example 
3 as it was shown in drawing 8 . The gap from said curve is at most 0.1 dB like said 
example 3. Therefore, the Raman gain can be kept constant by keeping constant 
back magnification natural scattered-light power. The thick wire of drawing 9 
shows the spectrum of the light which carries out incidence to the light-receiving 
means 9 of drawing 5 (b) of this example 4. The amplified wavelength 
multiple-signal light is mixed in the back magnification natural scattered light BNR 
in this example 4. Like the case of said example 3, drawing 10 (b) removes the 
amplified wavelength multiple-signal light, and shows the configuration of the 
light-receiving means 9 equipped with the optical filter which penetrates the back 
magnification natural scattered light BNR. From the above thing, the Raman gain is 
computed by this example 4 in the control circuit 7 based on back magnification 
natural scattered-light power. Said control circuit changes excitation light power so 
that the calculation Raman gain may become equal to the expected Raman gain. 
[0040] (Example 5) As shown in drawing 6 , the concentration mold Raman 
amplifier of the example 5 of this operation gestalt 1 detects the input excitation 
light power of said Raman Feiba 4 HE, and the power of the Rayleigh excitation 
light (omitting hereafter back Rayleigh-scattering excitation light BLR) of the back 
from Raman Feiba 4, and is performing detection of the Raman gain. Said input 
excitation light power has received and detected the excitation light ER from the 
back end side of excitation laser by 1st light-receiving means 9A like said example 
2 ( drawing 4 (b)). moreover, the back Rayleigh-scattering excitation light BLR 
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-cum- [ multiplexing machine ] - it led to 2nd light-receiving means 9B using 
splitter 3M and a turnout 8, and the Rayleigh-scattering excitation light power of 
the back is detected. 

[0041] The Raman gain when comprehensive input signal light power changes has 
the Rayleigh-scattering excitation light power of the back, and a high correlation. 
However, the correlation includes a certain amount of error depending on input 
excitation light power. The example of the relation between the Rayleigh-scattering 
excitation light power of the back and the Raman gain in typical input excitation 
light power (600,400,200m W) was shown in drawing 15 . Moreover, the example 
of a configuration of the control circuit 7 of drawing 6 which performs fixed 
control of the Raman gain using the relation of drawing 15 was shown in drawing 
16 . In said control circuit 7, the detection value of input excitation light power 
after inputting the detection value of the Rayleigh-scattering excitation light power 
of the back into one input port of the differential amplifier 15 which carries out the 
electric drive of the excitation light source 2 and passing along an analog or the 
digital arithmetic circuit 16 in it in the input port of another side is inputted. In said 
arithmetic circuit 16, electric I/O level is changed so that the Raman gain of 
drawing 15 and the relation of the Rayleigh-scattering excitation light power of the 
back may appear on one curve in approximation. Therefore, the Raman gain can be 
kept constant in approximation by this control circuit 7. 

[0042] From the above thing, the Raman gain is computed by this example 4 in the 
control circuit 7 based on the input excitation light ER and the back 
Rayleigh-scattering excitation light BLR. Said control circuit 7 changes excitation 
light power so that the calculation Raman gain may become equal to the expected 
Raman gain. 

[0043] (Example 6) The concentration mold Raman amplifier of the example 6 of 
this operation gestalt 1 is detecting Raman gain using the built-in probe light source 
11 established in this Raman amplifier 200, as shown in drawing 7 (a). That is, the 
output probe light power from said Raman Feiba 4 is detected. The wavelength of 
the probe light PR from said probe light source 1 1 is the arbitration wavelength of 
the Raman gain wavelength region. Said input probe light power presupposes that 
it is fixed in order to simplify explanation. The probe light PR which carried out 
outgoing radiation from said Raman Feiba 4 was led to the light-receiving means 9 
by the low insertion loss using the Sir KYURE evening 10, and output probe light 
power is detected. 

[0044] The correspondence relation of one to one based on the homogeneity 
saturation characteristics of the Raman gain between the Raman gain of the signal 
light SR and the Raman gain of the probe light PR is. The correspondence relation 
is unrelated (the so-called homogeneity saturation) at the saturation ratio of the 
input excitation light power to this Raman amplifier, input signal light power, and 
gain. Specifically, the Raman gain of signal light and the Raman gain of probe light 
which were expressed per dB are matched with a primary function. Fixed control of 
the Raman gain is performed using the correspondence relation of this one to one. 
[0045] From the above thing, the Raman gain is computed by this example 6 in the 
control circuit based on input probe light and output probe light. Said control 
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circuit 7 changes excitation light power so that the calculation Raman gain may 
become equal to the expected Raman gain. 

[0046] (Example 7) The concentration mold Raman amplifier of the example 7 of 
this operation gestalt 1 is detecting Raman gain using the built-in probe light source 
11 installed in the Raman amplifier 200 of this example 7 like said example 6, as 
shown in drawing 7 (b). However, the input probe light power to said Raman Feiba 
4 and the back Rayleigh-scattering probe light (BLPR) power reflected in 
distribution in Raman Feiba 4 are detected. The wavelength of the probe light from 
said probe light source 11 is the arbitration wavelength of the Raman gain 
wavelength region. However, the optimal probe light wave length exists according 
to the operating state (input excitation light, signal light power, etc.) of the Raman 
amplifier of this example 7. Said input probe light power has detected the probe 
light from the back end side of probe laser by 1st receiving means 9A like said 
example 6. Moreover, the back Rayleigh-scattering probe light BLPR reflected 
with Raman Feiba 4 was led to 2nd light-receiving means 9B using spectral 
separation and branching, and the back Rayleigh-scattering probe light BLPR is 
detected. The reflection factor of probe light is computed from the aforementioned 
input probe light power and back Rayleigh-scattering probe light power. 
[0047] The variation of the Raman gain when comprehensive input signal light 
power changes has the reflection factor and correlation of said probe light. Fixed 
control of the Raman gain is performed using this correlation. 
[0048] From the above thing, the Raman gain is computed by this example 7 in the 
control circuit based on the reflection factor of probe light. Said control circuit 
changes excitation light power so that the calculation Raman gain may become 
equal to the expected Raman gain. 

[0049] (Operation gestalt 2) Drawing 11 (a), (b), drawing 12 (a), (b), drawing 13 , 
drawing 14 (a), and (b) It is the mimetic diagram showing the outline configuration 
of the distribution pattern Raman amplifier of the operation gestalt 2 by this 
invention. The example of a signal light power detection mold and drawing 1 1 (b) 
drawing 1 1 (a) The example of an excitation light power detection mold, The 
example of a front magnification natural scattered-light power detection mold and 
drawing 12 (b) drawing 12 (a) The example of a back magnification natural 
scattered-light power detection mold, Drawing 13 is [ the example of a probe light 
power detection mold and drawing 14 (b) of the example of a back 
Rayleigh-scattering excitation light power detection mold and drawing 14 (a) ] the 
examples of a back Rayleigh-scattering probe light power detection mold. 
[0050] (Example 8) As the distribution pattern Raman amplifier of the example 8 
of this operation gestalt 2 is shown in drawing 11 (a), it is similar with said 
example 1, but although the gain medium fiber was Raman Feiba 4 in said example 
1, it differs greatly in that a gain medium fiber is transmission fiber 1 A in this 
example 8. 

[0051] Also about the example to the following examples 9-14, it is the same and 
similar with the example to said examples 2-7, respectively. In the example to said 
examples 2-7, although the gain medium fiber was Raman Feiba 4, in the example 
to examples 9-14, it differs greatly in that a gain medium fiber is transmission fiber 
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1 A. The die length of transmission fiber 1 A is usually dozens of km or more, and 
the distance before and behind transmission fiber 1 A has the description that it is 
separated by the die length. Therefore, especially the case (example to said 
examples 1-7) of the concentration mold Raman amplifier which used Raman 
Feiba 4, and in the case of the distribution pattern Raman amplifier using 
transmission fiber 1 A (example to examples 8-14), a difference is remarkable when 
the gain detection means is installed ranging over transmission fiber 1 A order. 
[0052] In this example 8, detection of the Raman gain is performed using the signal 
light which spreads the inside of transmission fiber 1 A. It branches in a part or all 
of said signal light, i.e., some the wavelength or the full wave length of wavelength 
multiple-signal light, by Turnouts 8A and 8B before and behind transmission fiber 
1A, respectively, the branched signal light is received with each light-receiving 
means 9A and 9B, and the signal light power before and behind transmission fiber 
1 A is detected. A different point from said example 1 is having transmitted the 
input signal light power value which carried out the monitor to the excitation light 
source 2 side using the supervisory-signal light OSR from the light source 17 and 
multiplexing machine 3C which were newly installed in front of transmission fiber 
1A. Therefore, the control means 18 of the light source 17 for the 
supervisory-signal light is installed in the input side of transmission fiber 1 A, and 
splitter 8F and the light-receiving means 20 for the supervisory-signal light are 
installed in the output side of transmission fiber 1 A. 

[0053] Actuation of a control circuit 7 is the same as the case of said example 1. 
Moreover, the saturation characteristics and dispersion of the Raman gain which 
are acquired by this example 8 are the same as the case of drawing 2 and drawing 3 
considering the Raman gain as internal gains (ratio of the signal light power when 
turning excitation light on and off) within transmission fiber 1 A (it is the same also 
about the example to the following and examples 9-14). 

[0054] (Example 9) The distribution pattern Raman amplifier of the example 9 of 
this operation gestalt 2 is performing detection of the Raman gain using the 
excitation light which spreads said transmission fiber 1 A, as shown in drawing 1 1 
(b). A different point from said example 2 is having transmitted the output 
excitation light power value which carried out the monitor to the excitation light 
source side using the supervisory-signal light OSR from the light source 17 and 
multiplexing machine 3C which were newly installed in front of transmission fiber 
1A. Therefore, the optical control means 18 for the supervisory-signal light is 
installed in the input side of transmission fiber 1 A, and splitter 8F and the 
light-receiving means 20 for the supervisory- signal light are installed in the output 
side of transmission fiber 1 A. Actuation of a control circuit 7 is the same as the 
case of said example 2. 

[0055] (Example 10) The distribution pattern Raman amplifier of the example 10 
of this operation gestalt 2 is performing detection of the Raman gain using the 
amplified natural scattered light (hereafter, it omits and the magnification natural 
scattered light is called) which is generated in said transmission fiber 1 A, as shown 
in drawing 12 (a). Although the magnification natural light has the thing of front 
(excitation light and this direction) and the back (excitation light and hard flow), 
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this example 10 uses the magnification natural scattered light (hereafter, it omits 
and the front magnification natural scattered light is called) of front, and the 
following example 11 uses the magnification natural scattered light of the back. A 
different point from said example 3 is having transmitted the front magnification 
natural scattered-light power value which carried out the monitor to the excitation 
light source side using the supervisory-signal light OSR from the light source 17 
and multiplexing machine 3C which were newly installed in front of transmission 
fiber 1 A. Therefore, the control means 18 of the light source 17 for the 
supervisory-signal light is installed in the input side of transmission fiber 1 A, and 
splitter 8F and the light-receiving means 20 for the supervisory-signal light are 
installed in the output side of transmission fiber 1 A. Actuation of the **** circuit 7 
is the same as the case of said example 3. 

[0056] (Example 1 1) Although the distribution pattern Raman amplifier of the 
example 11 of this operation gestalt 2 is similar with said example 10 as shown in 
drawing 12 (b), it is performing detection of the Raman gain in this example 11 
using the magnification natural scattered light (hereafter, it omits and the back 
magnification natural scattered light is called) of the back. In this example 11, since 
the monitor of the light spread to an excitation light source side is carried out, 
ranging over transmission fiber 1 A, a gain detection means does not exist like said 
example 10. Therefore, it has the same configuration as said example 4. Though 
natural, actuation of a control circuit 7 is the same as the case of said example 4. 
[0057] (Example 12) The example 12 of this operation gestalt 2 is the distribution 
pattern Raman amplifier of a back Rayleigh-scattering excitation light power 
detection mold, as shown in drawing 13 , detects the input excitation light power to 
said transmission fiber 1 A, and the Rayleigh-scattering light power (hereafter, it 
omits and the back Rayleigh-scattering excitation light BLR is called) of the back 
from said transmission fiber 1A, and is performing detection of the Raman gain. In 
this example 12, since the monitor of the back Rayleigh-scattering excitation light 
power spread in excitation light is carried out, ranging over a transmission fiber, a 
gain detection means does not exist like said example 8. Therefore, it is ****** 
about the same configuration as said example 5. Though natural, actuation of a 
control circuit 7 is the same as the case of said example 5. 

[0058] (Example 13) The example 13 of this operation gestalt 2 is the distribution 
pattern Raman amplifier of a probe light power detection mold, and as shown in 
drawing 14 (a), it is detecting Raman gain in this example 13 using the built-in 
probe light source 11 installed in the Raman amplifier of this example 13. That is, 
the input and output probe light power to said transmission fiber 1 A are detected. A 
different point from said example 6 is having transmitted the probe light power 
value which carried out the monitor to the excitation light source side using the 
supervisory-signal light OSR from the light source 17 and multiplexing machine 
3C which were newly installed in front of transmission fiber 1 A. Therefore, the 
control means 18 of the light source 17 for the supervisory-signal light is installed 
in the input side of transmission fiber 1 A, and splitter 8F and the light-receiving 
means 20 for the supervisory-signal light are installed in the output side of 
transmission fiber 1 A. Actuation of a control circuit 7 is the same as the case of 
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said example 6. 

[0059] (Example 14) The example 14 of this operation gestalt 2 is the distribution 
pattern Raman amplifier of a back Rayleigh-scattering probe light power detection 
mold, and as shown in drawing 14 (b), it is detecting Raman gain like said example 
13 in this example 14 using the built-in probe light source 1 1 installed in the 
Raman amplifier of this example 14. However, the input probe light power to said 
transmission fiber 1 A and the back Rayleigh-scattering probe light (BLPR) power 
reflected in distribution in transmission fiber 1 A are detected. In this example 14, 
since the monitor of the back Rayleigh-scattering probe light power spread to an 
excitation light source side is carried out, ranging over transmission fiber 1 A, a 
gain detection means does not exist like said example 8. Therefore, it has the same 
configuration as said example 7. Though natural, actuation of a control circuit 7 is 
the same as the case of said example 7. 

[0060] (Example 15) The example 15 of this operation gestalt 2 is the distribution 
pattern Raman amplifier of a back Rayleigh-scattering excitation light power 
detection mold, and as shown in drawing 17 , it is the case where it has two laser 
LD1 and LD2 of wavelength with which the distribution pattern Raman amplifier 
using transmission fiber 1 A as a gain medium is excited forward, and the excitation 
light sources 2 differ. Wavelength of laser LD1 and LD2 is set to lambdapl and 
lambdap2, respectively. The purpose using two or more excitation wavelength is 
mainly expansion of a flat gain band width product (bibliography 5: Japanese 
Patent Application No. 11-187965 besides Suzuki, "the wavelength multiplexing 
lightwave transmission system using the Ramian distributed amplifier", reference). 
The gain detection approach of this example 15 is similar with said example 12, 
and has detected back Rayleigh-scattering light PAWA of excitation light for every 
excitation laser. 

[0061] It is multiplexed with a wavelength selection mold multiplexing vessel, and 
incidence of wavelength lambdapl and the excitation light of lambdap2 is carried 
out to transmission fiber 1 A from front using multiplexing machine 3M of the 
signal light installed all over the transmission line, and excitation light. These two 
waves of incidence excitation light is received by 1st light-receiving means (R1)9A, 
respectively. A path contrary to incidence excitation light is followed, it is separated 
spectrally into lambdapl and lambdap2 with a wavelength selection mold 
multiplexing machine- cum- the splitter 21, and the back Rayleigh-scattering 
excitation light generated in transmission fiber 1 A is led to 2nd light-receiving 
means (R2) 9B using branching. Each laser is independently controlled like said 
example 12 in a control circuit 7. 

[0062] Although this example 15 explained above the distribution pattern Raman 
amplifier whose gain medium is transmission fiber 1 A, it can say the same thing 
clearly also about the concentration mold Raman amplifier whose gain medium is 
Raman Feiba 4. Moreover, the number of the laser which the excitation light source 
has is not clearly restricted to two pieces, and is good with the number of 
arbitration. 

[0063] (Example 16) The example 16 of this operation gestalt 2 is the distribution 
pattern Raman amplifier of a back Rayleigh-scattering signal light power detection 
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mold, and as shown in drawing 1 8 , it is the case where it has two laser LD1 and 
LD2 of wavelength with which the distribution pattern Raman amplifier using 
transmission fiber 1 A as a gain medium is excited forward, and the excitation light 
sources differ like said example 15. Although the gain detection approach of this 
example 16 is similar with said example 14, built-in probe light did not use but has 
detected the back Rayleigh-scattering power of signal light. 

[0064] It is multiplexed with the wavelength selection mold multiplexing vessel 22, 
and incidence of wavelength lambdapl and the excitation light of lambdap2 is 
carried out to transmission fiber 1A from front using multiplexing machine 3M of 
the signal light installed all over the transmission line, and excitation light. These 
two waves of incidence excitation light is received by light-receiving means (R1)9A 
of ****** 1st. 

[0065] The signal light wave length of wavelength multiplexing is set to lambdal, 
lambda2, lambdah (n is the natural number), and wavelength near the gain peak 
of excitation light wave length lambdapl and the signal light to lambdap2 is set to 
lambdasl and lambdas2, respectively. In this example 16, wavelength lambdasl and 
the back Rayleigh-scattering signal light power of lambdas2 are detected 
(bibliography 5 reference). Incidence of the back Rayleigh-scattering light of the 
signal light lambdal and lambda2 produced in transmission fiber 1A, lambdah 
is carried out to 2nd light-receiving means (R2) 9B by the low insertion loss with a 
circulator 10 and the wavelength selection mold multiplexing vessel 22, and the 
optical power is detected. 

[0066] Each of laser LD1 and LD2 is independently controlled like said example 14 
in a control circuit 7. If the signal light wave length who uses for gain detection has 
a high correlation between the Raman gains by the excitation laser which is not 
restricted to wavelength lambdasl and lambdas2, and controls with each back 
Rayleigh-scattering signal light power using it, he is good on the wavelength of 
arbitration. 

[0067] As mentioned above, although concretely explained based on the example 
by this invention, as for this invention, in the range which is not limited to said 
example and does not deviate from the summary, it is needless to say that it can 
change variously. 
[0068] 

[Effect of the Invention] As explained above, when comprehensive input signal 
light power is changed, according to this invention, fluctuation of gain can be 
reduced in the Raman amplifier or the optical transmission system using it. 
Moreover, in the Raman amplifier or the optical transmission system using it, 
dispersion in the gain of every gain medium fiber (an optical transmission fiber or 
Raman Feiba) can be reduced. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 
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reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing the basic configuration of the 
Raman amplifier by this invention. 

[Drawing 2] It is drawing showing the example of gain saturation characteristics of 
the Raman amplifier by this invention. 

[Drawing 3] It is drawing showing the example of dispersion in the Raman gain for 
every gain medium fiber used by this invention. 

[Drawing 4] It is the mimetic diagram showing the outline configuration of the 
concentration mold Raman amplifier of the examples 1 and 2 of the operation 
gestalt 1 by this invention, and is drawing showing the outline configuration of the 
example of a signal light power detection mold, and the example of an excitation 
light power detection mold. 

[Drawing 5] It is drawing showing the outline configuration of the example of the 
front magnification natural scattered-light power detection mold of the examples 3 
and 4 of this operation gestalt 1, and the example of a back magnification natural 
scattered-light power detection mold. 

[Drawing 6] It is drawing showing the outline configuration of the example of the 
back Rayleigh-scattering excitation light power detection mold of the example 5 of 
this operation gestalt 1. 

[Drawing 7] It is drawing showing the outline configuration of the example of the 
probe light power detection mold of the examples 6 and 7 of this operation gestalt 1, 
and the example of a back Rayleigh-scattering probe light power detection mold. 
[Drawing 8] It is drawing showing the related example of the magnification natural 
scattered-light power of this example, and the Raman gain. 
[Drawing 9] It is drawing showing the spectrum of the monitor light of this 
examples 3 and 4. 

[Drawing 10] It is the mimetic diagram showing the outline configuration of the 
light-receiving means of this examples 3 and 4. 

[Drawing 11] It is the mimetic diagram showing the outline configuration of the 
example of the signal light power detection mold of the distribution pattern Raman 
amplifier of the examples 8 and 9 of the operation gestalt 2 by this invention, and 
an excitation light power detection mold. 

[Drawing 12] It is the mimetic diagram showing the outline configuration of the 
example of the front magnification natural scattered-light power detection mold of 
the distribution pattern Raman amplifier of the examples 9 and 10 of this operation 
gestalt 2, and a back magnification natural scattered-light power detection mold. 
[Drawing 13] It is the mimetic diagram showing the outline configuration of the 
example of the back Rayleigh-scattering excitation light power detection mold of 
the distribution pattern Raman amplifier of the example 12 of this operation gestalt 
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2. 

[Drawing 14] It is the example of the probe light power detection mold of the 
distribution pattern Raman amplifier of the examples 13 and 14 of this operation 
gestalt 2, and a back Rayleigh-scattering probe light power detection mold. 
[Drawing 15] It is drawing showing the relation between the Rayleigh-scattering 
excitation light power of the back of this example, and the Raman gain. 
[Drawing 16] It is the mimetic diagram showing the example of a configuration of 
the control circuit of this example. 

[Drawing 17] It is the mimetic diagram showing the outline configuration of the 
distribution pattern Raman amplifier of the back Rayleigh-scattering excitation 
light power detection mold of the example 15 of this operation gestalt 2. 
[Drawing 1 8] It is the mimetic diagram showing the outline configuration of the 
distribution pattern Raman amplifier of the back Rayleigh-scattering signal light 
power detection mold of the example 16 of this operation gestalt 2. 
[Drawing 19] It is the mimetic diagram showing the outline configuration of the 
conventional distribution magnification mold Raman amplifier and intensive 
magnification mold Raman amplifier. 

[Drawing 20] It is drawing showing the example of a type of the saturation 
characteristics (comprehensive input signal light power dependency of the Raman 
gain) of the Raman gain in the conventional Raman amplifier. 

[Drawing 21] It is drawing showing the example of dispersion of the Raman gain in 
the conventional Raman amplifier. 
[Description of Notations] 

1 A, IB [ — A multiplexing machine-cum-a splitter, ] — A transmission optical fiber, 
2-3 The excitation light source, 3C — A multiplexing machine, 3M 4 [ — 
Distribution pattern Raman amplifier, ] — Raman Feiba, 6 — A gain detection 
means, 7 — A control circuit, 100 200 — Concentration mold Raman amplifier, SR 

- Signal light, 8, 8A, 8B — Turnout, 8F - A splitter, 9 - A light-receiving means 
(electric eye), 9A - The 1st light-receiving means (electric eye), 9B — The 2nd 
light-receiving means (electric eye), 10 - A circulator, 11 - Probe light source, 12 

- An array waveguide grid, 13 - A photodiode, 14 - Fabry-Perot filter, 15 [ — A 
control means, 20 / - A light-receiving means, 21 / - A wavelength selection mold 
multiplexing machine-cum-a splitter, 22 / — A wavelength selection mold 
multiplexing machine 23 / ~ Wavelength selection mold splitter. ] - The 
differential amplifier, 16 - An analog or a digital arithmetic circuit, 17 — The light 
source, 18 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 14] 
[Drawing 15] 
[Drawing 16] 
[Drawing 17] 
[Drawing 18] 
[Drawing 19] 
[Drawing 21] 

[Translation done.] 
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